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)LJ/RFDWLRQRI³2VWUX]QLFD´%ULGJH
)RUWKHVHFWLRQ%IURP'REDQRYFLWR%XEDQM3RWRNLQWKH
VRIWKHODVWFHQWXU\VSHFLDO)HDVLELOLW\6WXG\KDV
EHHQPDGHZKLFKDQDO\VHGDOOWKHYDULDQWVDQGWHVWHGHFRQRPLFSDUDPHWHUV,WZDVFRQFOXGHGWKDWWKLVVHFWLRQLVD
SULRULW\DQGSURILWDEOHLQYHVWPHQWLQWKHURDGQHWZRUNLQ6HUELD
,QWKHWKH(XURSHDQ$JHQF\IRU5HFRQVWUXFWLRQILQDQFHGWKHGHYHORSPHQWRIIHDVLELOLW\VWXG\IRUEXLOGLQJRI
%HOJUDGH%\SDVVZKLFKKDVWDNHQWKHSUHYLRXVYHUVLRQRIWKH6WXG\DVDVWDUWLQJSRLQW
2QWKHVHFWLRQIURP'REDQRYFLWR%XEDQM3RWRNWKHUHDUHEULGJHORFDOLWLHVZLWKVWUXFWXUHV7KHODUJHVWEULGJH
LVWKHRQHRYHUWKHULYHU6DYDQHDU2VWUX]QLFDVHFWRUZKLFKFRQVLVWVRIWKUHHVWUXFWXUHVZLWKDWRWDOOHQJWKRI
PVWHHOVWUXFWXUHDFURVVWKHULYHUWKHFRQFUHWHDSSURDFKVWUXFWXUHVRQERWKULYHUEDQNVDQGWKHVWUXFWXUHDFURVVWKH
KLJKZD\%HOJUDGH2EUHQRYDF
7KHILUVWSKDVHRIFRQVWUXFWLRQRIWKHE\SDVVIRUHVHHVH[HFXWLRQRIWKHULJKWODQHRIWKHKLJKZD\DQGWKHXSVWUHDP
EULGJHVWUXFWXUHV7KHH[LVWLQJXSVWUHDPEULGJHVWUXFWXUHVDWWKHVHFWRUZHUHEXLOWLQWKHSHULRGIURPWR
7KDWVDPH\HDURQWK$SULOWKHFRQVWUXFWLRQDFURVVWKHULYHUZDVGHVWUR\HGE\1$72ERPELQJ7KHVWUXFWXUHKDV
EHHQUHQRYDWHGDQGUHRSHQHGIRUH[SORLWDWLRQLQ
7KHWRSLFRIWKLVSUHVHQWDWLRQLVD'HVLJQRIWKHVHFRQGSKDVHRIDFRPSOH[VWUXFWXUH%ULGJHRYHUWKH6DYD5LYHU
VHH)LJZKLFKFRQVLVWVRI
• 6WUXFWXUH$$SSURDFKVWUXFWXUHRQWKHOHIWEDQNZLWKWKHWRWDOOHQJWKRIP
• 6WUXFWXUH6WUXFWXUHRYHUWKHULYHUZLWKWRWDOOHQJWKRIP
• 6WUXFWXUH%$SSURDFKVWUXFWXUHRQWKHULJKWEDQNZLWKWKHWRWDOOHQJWKRIP
• 6WUXFWXUH&6WUXFWXUHRYHUWKHKLJKZD\%HOJUDGH2EUHQRYDFRQWKHULJKWEDQNRIWKHULYHUZLWK
WRWDOOHQJWKRIP
'XULQJ WKH GHVLJQ SURFHVV RI WKH VWUXFWXUHV LQ ILUVW SKDVH LW KDV EHHQ IRUHVHHQ WKDW LQ WKH VHFRQG SKDVH RI
FRQVWUXFWLRQRIWKHKLJKZD\LQIXOOSURILOHDOOWKHVWUXFWXUHVDUHPDGHDVWKHWZLQVWUXFWXUHV
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)LJ³2VWUX]QLFD´%ULGJH/D\RXW
%5,'*(29(57+(6$9$5,9(5
2.1. Approach structures 
7KHDSSHDUDQFHDQG WKH OHQJWKRIEULGJHVSRVLWLRQRISLHUVDQGVSDQVL]HVDUHGLFWDWHGE\ WKHH[LVWLQJSDUDOOHO
EULGJHV RQ WKH ULJKW XSVWUHDP ODQH RI WKH KLJKZD\ &RQWLQXRXV JLUGHUZDV DGRSWHG IRU VWDWLF V\VWHPZKLFK LV
VXSSRUWHGRYHUWKHKLQJHRQWKHSLHUV3LHUVKDYHDIL[HGFRQQHFWLRQWRIRXQGDWLRQ
7DEOH$UUDQJHPHQWRIDSSURDFKVWUXFWXUHV
6WUXFWXUH &RQVWUXFWLRQ 6SDQm 'HVFULSWLRQ
$ ,X,Q [
3UHFDVWHGSUHVWUHVVHGFRQFUHWHJLUGHUVPKLJK
IRXUJLUGHUVLQFURVVVHFWLRQ$ ,,X,OQ [
$ ,,,X,OOQ [
% ,9X,9Q [
3UHFDVWHGSUHVWUHVVHGFRQFUHWHJLUGHUVPKLJK
IRXUJLUGHUVLQFURVVVHFWLRQ
% 9X9Q [
% 9,X9,Q [
% 9,,X9,,Q 
&  [ 3UHFDVWHGFRQFUHWHER[JLUGHUVPKLJKQLQHJLUGHUVLQFURVVVHFWLRQ
0DLQO\WKHHOHYDWLRQLVLQFRQVWDQWORQJLWXGLQDOVORSHWKDWHTXDOVDQGLQVPDOOSDUWHOHYDWLRQLVLQYHUWLFDO
FXUYH
7UDIILFSURILOHFRQVLVWVRIUHYLVLRQFRUULGRULQWKHOHYHORIGULYHZD\WKDWLVPZLGHGULYHZD\ZLWKWUHHWUDIILF
ODQHVZLWKWRWDOZLGWKRIPDQGFHQWUDOUHVHUYHWKDWLVPZLGH
&URVVVHFWLRQVRIFRQVWUXFWLRQVDWVWUXFWXUH$VHH)LJDQGDQG%KDYHWRWDOKHLJKWRIPPDWVWUXFWXUH
%DQGFRQVLVWVRIIRXUSUHFDVWSUHVWUHVVHGFRQFUHWH7JLUGHUVZKLFKDUHPKLJKPDWVWUXFWXUH%*LUGHUV
DUHDWD[LDOGLVWDQFHRIP%ULGJHGHFNLVPZLGHDQGFPWKLFNDQGLWLVFRQFUHWHGRQWKHVLWHRYHUWKH
SUHFDVWJLUGHUV
'HVLJQHG FRQFUHWH JUDGH LV 0%  'HVLJQ UHLQIRUFHPHQW DV ZHOO DV UHLQIRUFHPHQW DW WKH ORFDWLRQ RI FDEOH
DQFKRUDJHVLVPDGHRIVWHHO5$)RUSUHVWUHVVLQJRIJLUGHUVSUHVWUHVVLQJV\VWHP63%,06%HOJUDGHLV
DGRSWHG

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)LJ$SSURDFKVWUXFWXUHVRQWKHULJKWEDQNVWUXFWXUH$FRQVWUXFWLRQ,Q
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)LJ&RQVWUXFWLRQFURVVVHFWLRQ±6WUXFWXUH$
,QWKHDVVHPEO\VWDJHDWWKHORFDWLRQRISLHUVJLUGHUVDUHVXSSRUWHGRYHUWKHWHPSRUDU\VXSSRUWVZKLOHDWWKHHQG
RIFRQVWUXFWLRQVWKH\DUHVXSSRUWHGGLUHFWO\RYHUWKHDOUHDG\LQVWDOOHGDQGJURXWHGEHDULQJV7KHWHPSRUDU\VXSSRUWV
XQGHUWKHSUHFDVWJLUGHUVDUHUHPRYHGXSRQWKHFRPSOHWLRQRIFRQFUHWLQJRIWKHHOHPHQWVZKLFKDUHH[HFXWHGRQWKH
VLWHFURVVJLUGHUVDQGWKHEULGJHGHFNDQGEHIRUHDSSO\LQJRIDVXSHULPSRVHGGHDGORDGRQWKHVWUXFWXUHDVSKDOWZLWK
HOHPHQWVRIWKHVXSHUVWUXFWXUH
7KHVWUXFWXUHLVVXSSRUWHGE\WKH1(2723)EHDULQJVRQWKHFRQFUHWHEHDULQJSDGVORFDWHGRQWKHEHDULQJEHDPV
3LHUVKDYHVROLGUHFWDQJXODUFURVVVHFWLRQZKLFKLVPZLGHDQGWRPWKLFN
)RXQGDWLRQVDUHRQFRQFUHWHSLOHVZLWKGLDPHWHUVRIPP([FOXGLQJSLHU/ZKLFKLVLQWKHHQWLUHZLGWK
VXSSRUWHGE\IRXUEDWWHULHVRIWZRSLOHVRWKHUSLHUVDUHVXSSRUWHGRQSLOHFDSZLWKWKUHHSLOHVLQDURZRUIRXUILYH
SLOHVLQWZRURZV3LOHEDVHVDUHIRUPHGLQVDQG\JUDYHOOD\HU7KHPD[LPXPIRUFHLQSLOHVHTXDOVN1
$WWKHORFDWLRQRIFRQVWUXFWLRQHQGVZDWHUSURRIWUDQVIOH[H[SDQVLRQMRLQWVZLWKPRYHPHQWFDSDFLW\IURP
PPWRPPDUHGHVLJQHG
6WUXFWXUDODQDO\VLVZDVFRQGXFWHGRQWKHVSDWLDOPRGHOXVLQJWKHVRIWZDUHSDFNDJH7RZHU'0RGHO%XLOGHU
PDGHE\FRPSDQ\5DGLPSH[IURP%HOJUDGH
$FFRUGLQJWRWKH5XOHERRNRQ7HFKQLFDOVWDQGDUGVIRUGHWHUPLQDWLRQRIWKHEULGJHORDGVGHVLJQVFKHPHIRUWUDIILF
ORDG99ZDVXVHG
7KHFURVVVHFWLRQRIWKHVWUXFWXUH&ZLWKWKHWRWDOKHLJKWRIPFRQVLVWVRIQLQH5&SUHFDVWER[JLUGHUVDQG
PZLGHEULGJHGHFN%R[JLUGHUVDUHPKLJKDQGWKH\DUHORFDWHGRQD[LDOGLVWDQFHRIP%ULGJHGHFNVKDOO
EHFRQFUHWHGRQVLWHRYHUWKHSUHFDVWJLUGHUVDQGLWLVFPWKLFN3UHFDVWJLUGHUVDUHFORVHGER[FURVVVHFWLRQZLWK
LQFOLQHGHQGV7KH\IROORZWKHVNHZRIEULGJH
2.2. Bridge structure over the River 
%ULGJHVWUXFWXUHRYHU WKHULYHU VHH)LJDQG LQFOXGHV WKHVWUXFWXUHEHWZHHQSLHU³6´DQG³6´ZLWKD WRWDO
OHQJWKRIP
0DLQGHVLJQRIILUVWVWDJHRIWKHFRQVWUXFWLRQ>@LQFOXGHGGHVLJQIRU
• IRXQGDWLRQDQGVXEVWUXFWXUHRIWKHEULGJHIRUDIXOOSURILOHRIWKHURDG
• VXSHUVWUXFWXUHIRUWKHKDOISURILOHRIWKHURDGXSVWUHDPKLJKZD\ODQH
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)LUVW6WDJHZDVSHUIRUPHGE\FRQVWUXFWLRQFRPSDQ\³0RVWRJUDGQMD´LQWKHSHULRGIURPWR

)LJ%ULGJHVWUXFWXUHRYHUWKHULYHU

)LJ%ULGJHVWUXFWXUHRYHUWKH5LYHU±)LUVWVWDJH
'XULQJWKH1$72ERPELQJLQWKHFRQVWUXFWLRQRIWKHEULGJHRYHUWKH6DYD5LYHUZDVGHVWUR\HGVHH)LJ
5HKDELOLWDWLRQRIWKHEULGJHVWUXFWXUHZDVDOVRSHUIRUPHGE\FRQVWUXFWLRQFRPSDQ\³0RVWRJUDGQMD´GXULQJDQG
DFFRUGLQJWRWKH5HKDELOLWDWLRQ'HVLJQ>@GHYHORSHGE\'30RVWSURMHNW

)LJ'HVWUR\HGVWUXFWXUHLQWKH1$72ERPELQJ
7KH0DLQ'HVLJQRIWKHVHFRQGSKDVH>@FRYHUHGWKHVXSHUVWUXFWXUHIRUWKHOHIWODQHRIWKH+LJKZD\DVZHOODVWKH
SDUWVRIWKHDEXWPHQWV³6´DQG³6´EHDULQJSDGVDQGEHDULQJV
5HVSHFWLQJWKHUHTXLUHPHQWRIWKHSKDVHFRQVWUXFWLRQIRUHDFKODQHRIWKHKLJKZD\ZDVSURYLGHGDVSHFLDOEULGJH
VWUXFWXUH7KH VSDFLQJEHWZHHQ WKHXSVWUHDPDQGGRZQVWUHDP VWUXFWXUH LV P DQG D FOHDU VSDFLQJEHWZHHQ WKH
VWUXFWXUHVLVP7KHWRWDOZLGWKRIWKHFDUULDJHZD\LVP
%ULGJHVWUXFWXUHRYHUWKH5LYHULVDVWHHOER[FRQWLQXRXVJLUGHURYHUILYHVSDQVP
7KHFURVVVHFWLRQRI WKHPDLQJLUGHUVHH)LJFRQVLVWRI WKHRUWKRWURSLFGHFNPZLGHGHFNSODWH W 
PPWZRYHUWLFDOZHEVDWDGLVWDQFHRIPPYDULDEOHKHLJKWIURPWRPPW PPDQGORFDOO\
DERYHWKHEHDULQJVW PPDQGWKHERWWRPSODWHPPZLGHW PP
162   Nenad Jakovljevic et al. /  Procedia Engineering  156 ( 2016 )  156 – 163 

)LJ&URVVVHFWLRQRIWKH0DLQ*LUGHU
'LDSKUDJPVDUHIRUPHGDVDIUDPHFURVVEUDFLQJRIWKHER[JLUGHUDQGWKH\DUHSODFHGDWGLVWDQFHRIPP
LHHYHU\VHFRQGFURVVJLUGHU
)DWLJXHFRQWUROZDVFRQGXFWHGIRUSDUWVRIRUWKRWURSLFSODWHVDQGFURVVJLUGHUVIRUORDGPRGHODFFRUGLQJWR
(1DQG(1&RQVLGHULQJWKDWWKHUHDUHQRGDWDRQWKHVWUXFWXUHRIIUHLJKWWUDIILFLW
ZDVDGRSWHGWKDWWRWDOQXPEHURIYHKLFOHVLQWKHVORZODQHSHU\HDUHTXDOV[RIZKLFKE\DUHN1DQG
N1YHKLFOHVDQGDUHN1YHKLFOHV)RUIDWLJXHDVVHVVPHQWVORZODQHZDVXVHGZKLFKLVORFDWHGLQWKH
D[LVRIWKHPDLQJLUGHU
2QWKHHGJHVRIWKHRUWKRWURSLFGHFNVWURQJHGJHJLUGHUVDUHGHVLJQHGWRIROORZWKHH[WUDGRVRIWKHEULGJH
7KHLUULJLGLW\HQVXUHVWKHUHGLVWULEXWLRQRIORDGVDFURVVPXOWLSOHFURVVJLUGHUVDQGWKH\VHUYHDVPDLQJLUGHUIRU
PRYHDEOHLQVSHFWLRQSODWIRUP
6KDSLQJRIDVWUXFWXUHZDVDGMXVWHGWRWKHDXWRPDWHGZHOGLQJSURFHVVWKHUHIRUHFURVVVHFWLRQRIWKHEULGJHLV
GLYLGHG LQWR HUHFWLRQ HOHPHQWV  ZLWK WKH PD[LPXP GLPHQVLRQV RI XS WR [[PP DQG
PD[LPXPZHLJKWXSWRW
'LVSRVLWLRQ RI D EHDULQJVZDV DGRSWHG DV WKH RQH RQ WKH H[LVWLQJ EULGJH7KHUH DUH WZR EHDULQJV RQ HYHU\
DEXWPHQWSLHU
)L[HGEHDULQJDUHORFDWHGRQSLHU³6´FDVWVWHHOVSKHULFDOEHDULQJDQGPRYHDEOHEHDULQJVFDVWVWHHOUROOHU
EHDULQJVVHH)LJRQSLHUV³6´³6´DQG³6´DQGDWDEXWPHQW³6´$WDEXWPHQW³6´WKHFRQVWUXFWLRQRIVWHHO
SHQGHOWLHVZDVIRUHVHHQZLWKWKHERWWRPKLQJHDERYHWKHPD[LPXPZDWHUOHYHORIWKHULYHU6DYD%HVLGHVWKH
VWHHOWLHVDWDEXWPHQW³6´VSHFLDOEHDULQJIRUWUDQVIHURIKRUL]RQWDOWUDQVYHUVHIRUFHVZDVORFDWHGLQWKHD[LVRI
WKHERWWRPSODWH
$WWKHSLHU6VSHFLDOEHDULQJIRUSUHYHQWLRQRISRVVLEOHXSOLIWRIWKHVWUXFWXUHZDVORFDWHG
$OOSLHUVDQGDEXWPHQWVIRUWKH%ULGJHVWUXFWXUHRYHUWKHULYHU³6´WR³6´DUHPXWXDOIRUERWKSKDVHVRIWKH
EULGJHFRQVWUXFWLRQDQGWKH\ZHUHPDGHDFFRUGLQJWRWKH0DLQ'HVLJQRIWKHILUVWVWDJH>@
$OOSLHUVDUHIRXQGHGRQERUHGSLOHVZLWKDGLDPHWHURIPP([FDYDWLRQIRUSLOHEHDPVZDVFDUULHGRXW
XQGHUWKHSURWHFWLRQRI/DUVHQSLOHVZKLFKDIWHUFRQFUHWLQJUHPDLQDVSURWHFWLRQIURPSRVVLEOHHURVLRQRIWKHULYHU
EHG
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:LWKLQWKH'HVLJQ>@EDODQFHGFDQWLOHYHUPHWKRGRIHUHFWLRQZDVIRUHVHHQLQWKHVSDQVEHWZHHQDEXWPHQW
³6´DQGSLHU³6´)RUVHOHFWHGHUHFWLRQPHWKRGVWUHVVHVLQWKHPDLQJLUGHUGXHWRVHOIZHLJKWDQGVXSHUHOHYDWLRQ
ZHUHFDOFXODWHG

)LJ&DVWVWHHOUROOHUEHDULQJVSLHU6
&21&/86,21
%\WKHVHFRQGSKDVHRIFRQVWUXFWLRQRI%ULGJHRYHUWKH5LYHU6DYDKLJKZD\WUDIILFSURILOHZLOOEHFRPSOHWHG
RQWKHSDUWRIWKHE\SDVVDURXQG%HOJUDGHLQWKHDUHDRIVHFWRU,QWKHILUVWSKDVHRIFRQVWUXFWLRQXSVWUHDP
EULGJHVWUXFWXUHZDVILQLVKHGZLWKHQGDEXWPHQWVDQGULYHUSLHUVLQIXOOSURILOH%ULGJHVWUXFWXUHFRQVLVWVRIWKUHH
VWUXFWXUHVZLWKDWRWDOOHQJWKRIPVWHHOVWUXFWXUHDFURVVWKHULYHUWKHFRQFUHWHDSSURDFKVWUXFWXUHVRQERWK
VLGHVDQGWKHVWUXFWXUHDFURVVWKHKLJKZD\%HOJUDGH2EUHQRYDF$OOWKHDSSURDFKVWUXFWXUHVDUHPDGHRIFRQFUHWH
ZKLOHWKHVWUXFWXUHRYHUWKHULYHULVPDGHRIVWHHO7KHDGRSWHGFRQFHSWGHULYHGIURPWKHILQLVKHGFRQVWUXFWLRQVRI
WKHILUVWSKDVH
$SSURDFK VWUXFWXUHV DW ULJKW DQG OHIWEDQNV DUHPDGHRISUHVWUHVVHG FRQFUHWHZKLOH WKH OD\RXW DQG OHQJWKRI
FRQVWUXFWLRQV DVZHOO DV WKH ORFDWLRQ RI SLHUV DQG VSDQV DUH GLFWDWHG E\ H[LVWLQJ SDUDOOHO FRQVWUXFWLRQV LQ ULJKW
XSVWUHDPODQHRIKLJKZD\&URVVVHFWLRQRIFRQVWUXFWLRQFRQVLVWVRIIRXUSUHIDEULFDWHGSUHVWUHVVHG7JLUGHUV
ZKLFKDUH ORFDWHGDW D[LVGLVWDQFHRIPDQGGHFNZKLFK LVFP WKLFN&RQFUHWHGHFN LVPDGH LQ VLWXRYHU
SUHIDEULFDWHGJLUGHUV)RXQGDWLRQVDUHFRQFUHWHSLOHVZLWKGLDPHWHURIPP
7KHEULGJHVWUXFWXUHRYHUWKHULYHULQFOXGHVSDUWIURPWKHWUDQVLWLRQSLHU6WRWUDQVLWLRQSLHU6ZLWKDWRWDOOHQJWK
RIP,WIROORZVWKHVLOKRXHWWHRIH[LVWLQJEULGJH7KHEULGJHLVFRQWLQXRXVVWHHOER[JLUGHURYHUVSDQV
P7KHFURVVVHFWLRQRIPDLQJLUGHUFRQVLVWVRIWKHEULGJHGHFNPZLGHWZRYHUWLFDO
ZHEVDWDGLVWDQFHRIPPZLWKDYDULDEOHKHLJKWIURPWRPPPPZLGHERWWRPSODWH'HFNLV
RUWKRWURSLFSODWHZKLFKLVORQJLWXGLQDOO\VWLIIHQHGE\WRUVLRQDOO\ULJLGWUDSH]RLGDOULEV7ZREHDULQJVDUHIRUHVHHQDW
HDFKSLHU6DPHOD\RXWRIEHDULQJVLVIRUHVHHQDVWKHRQHRQXSVWUHDPEULGJH
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